Abstract. Reflective cracking is a major concern for engineers facing the problem of road maintenance and rehabilitation. The problem appears due to the presence of cracks in the old pavement layers that propagate into the pavement overlay layer when traffic load passes over the cracks and due to the temperature variation. The stress concentration in the overlay just above the existing cracks is responsible for the appearance and crack propagation throughout the overlay. The analysis of the reflective cracking phenomenon is usually made by numerical modeling simulating the presence of cracks in the existing pavement and the stress concentration in the crack tip is assessed to predict either the cracking propagation rate or the expected fatigue life of the overlay. Numerical modeling to study reflective cracking is made by simulating one crack in the existing pavement and the loading is usually applied considering the shear mode of crack opening. Sometimes the simulation considers the mode I of crack opening, mainly when temperature effects are predominant. Thus, this paper presents a study where multiple cracks are modeled to assess the reflective cracking phenomenon and to compare to the case of only one crack. The modeling with only one crack was made simulating both mode I and mode II of crack opening taking into account the traffic effects. The influence of multiple cracks was expressed in terms of stress and strain in the zone above existing cracks. One of the conclusions from the current study is that the presence of multiple cracks can lead to a state of stress/strain higher than those obtained with only one crack. Also the position of the crack modeled in the finite elements analysis have a significant influence in the state of stress/strain obtained. However, the consideration of only one crack is sufficient to obtain significant results in the reflective cracking modeling.
Introduction
Cracks in the pavements tend to reflect through an overlay placed on the cracked pavement due to the traffic and temperature effects, depending on the magnitude of the stress concentrations at the tip of the crack, the resistance of the overlay material to crack propagation and the characteristics of the interface between the overlay and the existing pavement. The stress concentration at the crack tip results of the bending, shearing and tearing actions of traffic loads and tensile and bending actions caused by temperature and moisture movements as well as temperature and moisture gradients [1] .
To assess the cracking in pavement overlays, many investigations have been conducted in terms of experimental and numerical modeling. The first studies started by Majidzadeh et al [2] with the application of the fracture mechanics in the analysis of pavement fatigue where the fatigue life of paving mixtures in terms of material constants, geometry, boundary conditions, and the state of stress is predicted. In that work, fatigue is defined in terms of crack initiation, influence on crack growth, and critical stress intensity at the critical failure point. The laboratory tests to support that study utilized notched and unnotched beams supported in an elastic foundation to predict the fracture parameters. The determination of the fracture parameters (i.e the stress intensity factors) were made based on experimental assumptions from fracture tests.
Later on, Van Gurp and Molenaar [3] developed a procedure to predict the reflective cracking in asphalt overlays using linear elastic finite element models, by analyzing the crack propagation form the old cracked asphalt layers through the new overlay. The models used only considered the traffic influence simulating mode I and II of crack opening by applying the load above the crack and adjacent to the crack, respectively, as represented in Figure 1 . Since then, the numerical modeling has been used in the assessment of reflective cracking by different methods. Paulino et al [4] applied a cohesive zone fracture model to simulate crack initiation and propagation in asphalt concrete using intrinsic constitutive laws to connect traditional finite elements to simulate localized damage and softening behavior. Nesnas and Nunn [5] used a finite element model with multi-cracks, as indicated in Figure 2 , to investigate the topdown cracking in cement treated base pavements.
